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Introduction
Among the different new technical options available to improve power quality, active power filters [1] [2] [3] have proved to be an important and flexible alternative to compensate for current and voltage disturbances in power distribution systems. The idea of active power filters is relatively old, but their practical development was made possible with the progress of the new improvement in power electronics. The function of APF's varies depending on the applications. They are used in low to medium distribution levels or for reactive power and/or voltage control at high-voltage distribution levels to generally control current harmonics in the supply network.
Too high harmonic distortion results in reduction of productivity, reduction in components life span and can even damage equipment. Unbalanced loads such as personal computers (PC's) causes' excessive current in the neutral, which may give rise to impermissible voltage levels between neutral and earth and may results in physical danger and equipment malfunctioning [4] . The intensive use of power electronic loads such as rectifiers, variable speed drives (VSD), uninterrupted power supply (UPS) etc. [5] [6] [7] . In this paper, a comparison between two types of shunt active power filters control strategies, Instantaneous real and reactive power theory ( p q − theory), and p q i i − theory methods are presented for the extraction of the reference current connected to three-phase three wire source that supplies a non-linear load. Based on these control strategies, a simulation will be used to prove the viability of the strategies in terms of determining the reference current. The paper is organized as follows: Section II describes the p q − active power filter control strategy and section III the p q i i − system description and modeling is shown. Simulation results are presented and analyzed in section IV. Section V is the conclusion of the paper.
Instantaneous Active and Reactive Power Theory ( P Q − Theory)
This method is also known as the p-q theory, method [12] [13] [14] . This theory was first introduced by Akagi in 1984 [12] . The p q − theory is based on a set of instantaneous power definition in the time domain. This control method is used to generate reference source current [15] [16] . The voltage or current waveforms have no restrictions and it can be suitable to three-phase system with or without a neutral wire for three-phase generic voltage and current waveforms. The p q − theory uses the αβο transformation, also known as the Clarke transformation [17] [18] , which consists of a real matrix that transforms three-phase voltages and current into the αβο stationary reference system using the following equations:
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The active and reactive power in this method consists of constant (DC) component and oscillating (AC) component with the assumption that the system is a symmetric three-phase or there is no neutral point [19] .
Equation (2) can be decomposed into two AC and DC parts as;
Where: ̅ : is the DC component of the instantaneous power , and is related to the fundamental active current, � : is the AC component of the instantaneous power , it does not have average value, and is related to harmonic current caused by the AC component of the instantaneous real power � : is the DC component of the instantaneous imaginary power , and is related to the reactive power generated by the fundamental components of the voltages and current.
� : is the AC component of the instantaneous imaginary power , and is related to the harmonic current generated by the AC components of instantaneous reactive power.
The active and reactive powers are extracted using low-pass filters (LPF). The oscillating components of the powers are also obtained by;
The value of the average real power ( loss p ) represented in figure 2 is added to the oscillating active power ( � ). Using the reverse Clarke transformation to calculate the reference values for the active filters given as follows:
Where; 
The ( abc ) reference values for the active power filter is given by; Figure 2 shows the block diagram of the instantaneous Active and Reactive Power Theory ( P Q − theory). Figure 2 Block diagram of instantaneous active and reactive power theory for reference current detection. Figure 3 shows a block diagram of shunt active filter using the principles of p q − theory to determine the reference current. The adopted current directions in figure 3 indicate that the supply current is given by the sum of the load and the compensation current. This can be obtained by negating the 

The ( p q i i − ) Active Power Filter Theory
The control circuit of the APF is shown in the figure 4. Based on the theory of instantaneous power, the current detection method is commonly used in detecting the power network harmonics and reactive components. Figure 4 Block diagram for the APF reference current detection.
In figure 4 , phase locked loop (PLL) is a circuit building block particularly noted for its flexibility. The basic operating concept of the PLL is relatively simple, even though the mathematical analysis and various elements of its procedure can be complicated. It synchronizes the voltage control oscillator (VCO) with reference frequency through a feedback to generate a stable higher output frequency from a fixed low frequency signal. VCO generates oscillating waveforms at varying frequency. Here, the PLL with sine and cosine wave generating circuit is used to generate sine and cosine signals (sin cos ) which must be in phase with the compensating current. The basic operating principles of the control circuit of the APF shown in fig 1 are as follows; according to the instantaneous power theory [17] [18] . The Clark transformation maps the threephase instantaneous line currents in, the a, b, and c phase , , into the instantaneous current on the − given by;
The p q − transformation is used to obtain instantaneous active and reactive currents 
Then, the inverse Clark transformation from axes αβ − to , a b , and c is applied to determine the instantaneous values of the three-phase compensating current referred to as Figure 5 shows a block diagram of shunt active filter using the principles of p q i i − theory to determine the reference current. The adopted current directions in fig 5 indicate that the supply current plus the compensation current is equal to the load. The active filter supplies the harmonic current to compensate for the load harmonic current, so that the source can only supply the fundamental currents. The three-phase instantaneous values of the compensating reference currents, 
Simulation Results
P Q − Theory
Figures 6-7 shows the various possible reference waveforms, obtained from the p q − principles of figure 2 and with the control technique of figure 3 . A three phase diode rectifier was considered as the non-linear load in these cases. Neutral current was ignored. Figures 6 show the αβ components from the load current that was used to generate the reference currents. Figure 7 (a) shows only aphase of the compensating reference current and fig 7 (b) shows the compensation of the load harmonic current. It can be seen that the harmonic current has been compensated by the generated harmonic reference current. 
Conclusion
In this paper, the active power filter control strategies base on p q − theory and p q i i − theory was compared on the basis of harmonic current detection and compensation. The paper presents a simulation results that show that the p q − strategy is used to generate compensation current that is equal but opposite to the harmonic current. Therefore, the compensating current is subtracted from the current source.
But on the contrary, the p q i i − strategy generates compensation current by subtracting the reference compensation current from the load current. Hence, both theories can be used to compensate for the harmonic current in non-linear loads and also in a micro-grid, even though their methods of compensation are different.
